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Specifications 

1 . Title of the Invention 

METHOD FOR THE MANUFACTURE OF THERMOPLASTIC POLYURETHANE RESIN 
COMPOSITION 

2. Patent Claims 

(1) A method for the manufacture of a thermoplastic polyurethane resin composition by 
conducting a reaction of a polymeric diol (A) with an average molecular weight of 500-10,000, 
an organic diisocyanate (B), and, if necessary, a chain extender (Q containing two active 
hydrogen atoms and having an average molecular weight of no more than 500, or, if necessary, a 
crosslinking agent (D) having at least three active hydrogen atoms, wherein: 

(i) an organic polysiloxane dicarbinol is used for partial or complete substitution of the 
polymeric diol (A) producing compound (A), and 

(ii) the ratio of the total number of active hydrogen atoms in A, C, which is used if necessary, 
and D, which is used if necessary, to the number of isocyanatc groups in B is 1 : 0.85 to 1 : 1.1 
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(2) A method for the manufacture of a thermoplastic polyurethane resin composition mixture by 
mixing a thermoplastic polyurethane resin composition (X) obtained by conducting a reaction of 
a polymeric diol (A 1 ) with an average molecular weight of 500-10,000, an organic diisocyanate 
(B), and, if necessary, a chain extender (C) containing two active hydrogen atoms and having an 
average molecular weight of no more than 500, or, if necessary, a crossUnking. agent (P). having 
at least three active hydrogen atoms, wherein: 

(i) an organic polysiloxane dicarbinol is used for partial or complete substitution of the 
polymeric diol (A') producing compound (A), and 

(ii) the ratio of the total number of active hydrogen atoms in A, C, which is used if necessary, 
and D, which is used if necessary, to the number of isocyanate groups in B is 1 : 0.85 to 1 : LI, 
with a thermoplastic polyurethane resin composition (Y) obtained by using only the polymeric 
diol (A 1 ) and organic diisocyanate (B). 

3 . Detailed Description of the Invention 

The present invention relates to a method for the manufacture of a thermoplastic 
polyurethane resin composition (also referred to as TPU below). More specifically, the present 
invention relates to a thermoplastic polyurethane resin composition which has good mechatiical 
properties and contains organic polysiloxane bonds in a molecular chain. 

Polyurethane resins have strong adhesion to other substances, easily withstand bending 
and unbending, and have high strength and toughness and excellent wear and weather resistance/ 
Accordingly, they have found various applications as moldings, coating materials, adhesives, 
binders, and the like, for example, for automobile parts, electric apparatus, audio devices, 
computers, business apparatus, fiber and textile products. 

However, the drawback of polyurethane resins is that they have a high friction coefficient 
and poor sliding properties. Furthermore, if the temperature rises during the usage of 
polyurethane resins, they loose their excellent properties. 

Water-absorbing ability of polyurethane resins also creates problems in practical 
applications. 

The inventors have conducted a comprehensive research aimed at the resolution of these 
problems. The results obtained showed that the drawbacks inherent to TPU can be overcome by 
introducing organic polysiloxane bonds in the molecular chain. This finding laid the foundation 
for the present invention. 

Thus, the present invention relates to: 

1 . A method for the manufacture of a thermoplastic polyurethane resin composition by 
conducting a reaction of a polymeric diol (A 1 ) with an average molecular weight of 500-10,000, 
an organic diisocyanate (B), and, if necessary, a chain extender (C) containing two active 
hydrogen atoms and having an average molecular weight of no more than 500, or, if necessary, a 
crosslinking agent (D) having at least three active hydrogen atoms, wherein 

(i) an organic polysiloxane dicarbinol is used for partial or complete substitution of the 
polymeric diol (A 1 ) producing compound (A), and 

(ii) the ratio of the total number of active hydrogen atoms in A, G, which is used if necessary, 
and D, which is used if necessary, to the number of isocyanate groups in B is 1 : 0.85 to 1 : 1.1. 

2, A method for the manufacture of a thermoplastic polyurethane resin composition 
mixture by mixing a thermoplastic polyurethane resin composition (X) obtained by conducting a 
reaction of a polymeric diol (A*) with an average molecular weight of 500-10,000, an organic 
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diisocyanate (B), and, if necessary, a chain extender (C) containing two active hydrogen atoms 
and having an average molecular weight of no more than 500, or, if necessary, a crosslinking 
agent (D) having at least three active hydrogen atoms, wherein: 

(i) an organic polysiloxane dicarbinol is used for partial or complete substitution of the 
polymeric diol (A*) producing compound (A), and 

(ii) the ratio of the total number of active hydrogen atomsln A^C, which is used if necessary, 
and D, which is used if necessary, to the number of isocyanate groups in B is 1 : 0.85 to 1 : 1.1, 
with a thermoplastic polyurethane resin composition (Y) obtained by using only the polymeric 
diol (A*) and organic diisocyanate (B). 

Among the organic polysiloxane dicarbinols used in accordance with the present 
invention, the most preferred compound is polydimethylsiloxane dicarbinol represented by the 
following General Formula [ 1 ]. 

\T] [see original for formula] 

(where R is a C1-20 alkylene group, n is an integer such that an average molecular weight of the 
compound represented by Formula [I] is 500-10,000). Examples of Q.20 alkylene groups in the 
General Formula [T| include a methylene, ethylene, propylene, butylene, hexylene, octylene, and 
dodecylene group. The appropriate range for the molecular weight of the polysiloxane dicarbinol 
represented by the General Formula [I] is 500 to 10,000; the especially preferred range is from 
1000 to 6000. 

Furthermore, compounds obtained by substituting some of methyl groups with at least 
one group selected from C2.30 alkyl groups, haloalkyl groups, cyanoalkyl groups, allylalkyl 
groups, vinyl groups, acryl groups and other alkenyl groups, allyl groups, alkylallyl groups, 
alkenyiallyl groups, and haloallyl groups, or by substituting with hydrogen or a halogen, may be 
also used. 

Examples of the polymeric diols (A 1 ) used in accordance with the present invention 
include the well-known polyether diols, polyester diols, and polycarbonate diols. 

Polyether diols can be obtained, for example, by conducting an addition reaction of at 
least one alkylene oxide, such as ethylene oxide, propylene oxide, butylene oxide, 
tetrahydrofuran, and styrene oxide (referred to as alkylene oxide hereinbelow) with water, 
ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, 1,3- or 1,4-butylene 
glycol, 1,6-hexamethylene glycol, bisphenol A, and the like. 

Examples of polyester diols include polyester diols obtained from at least one compound 
selected from a group including ethylene glycol, diethylene glycol, propylene glycol, 
dipropylene glycol, 1,3- or 1,4-butylene glycol, neopentyl glycol, 1,6-hexamethylene glycol, 
decamethylene glycol, bisphenol A, bisphenol F, p-xylylene glycol, 1,4-cyclohexanediol, 1,4- 
cyclohexanedimethanol or their alkylene oxide adducts and at least one acid selected from a 
group including malonic acid, maleic acid, succinic acid, adipic acid, glutalic acid, pimelic acid, 
sebacic acid, oxalic acid, phthalic acid, isophthalic acid, terephthalic acid, and hexahydrophthalic 
acid, or diols prepared by ring-opening polymerization of cyclic esters such as propiolactone, 
butyrolactone, and caprolactone, and polyester diols prepared from the above-listed glycols and 
cyclic esters, or the glycols, dibasic acids, and cyclic esters. 

Polycarbonate diols are the compounds represented by the following formula: 

H-(0-R-OCO)-ROH (n*l) 
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where R is a glycol or (Afunctional phenol residue. Examples of the glycols and or Afunctional 
phenols include trimethylene glycol, diethylene glycol, 13- or l f 4-butylene glycol, 1,6- 
hexamethylene glycol, decamethylene glycol, p-xylene glycol, bisphenol A [2,2-bis(4'- 
hydroxyphenyl)propane], and bisphenol F (4,4 , -dihydroxydiphenylmethane), 

Furthermore, l,2£p1ilybutadiene diol, 1,4-polybuudienedioCpolychloroprenediol, and 
butadiene - acrylonitrile copolymer diol may be also used. 

These various polymeric diols may be used individually or in a mixture of two or more 
thereof. 

Examples of the chain extenders (C) containing two active hydrogen atoms and having an 
average molecular weight of no more than 500, which is used in accordance with the present 
invention, include the well-known aliphatic diols, aromatic diols, N-alkyl or N- 
aryldialkanolamines, aliphatic diamines, and aromatic diamines. 

Examples of aliphatic diols include ethylene glycol, propylene glycol, 1,3 or 1,4-butylene 
glycol, 1,5-pentanediol, 1,6-hexamethylene glycol, neopentyl glycol, 2-ethyl-l,3-hexanediol, 
2,2,4-trimethyl-l,3-pentanediol, 2,2,4- or 2,4,4-trimethyM,6-hexane diol, decamethylene glycol, 
1,4-cyclohexane diol, 1,4-cyclohexane dimethanol, 2,2-bis(4'-hydroxycyclohexyl)propane t 3- 
rnethyl- 1 ,3-butanedioI, p-xylylene glycol, or their alkylene oxide adducts. 

Examples of aromatic diols include hydroquinone, bisphenol A, bisphenol F, naphthalene 
diol, or their alkylene oxide adducts. 

Examples of N-alkyl or N-arylalkanolamines include methyldiethanolamine, 
methyldiisopropanolamine, methyldiethanolamine, phenyldiethanolamine, m- 
toly Id iethanol amine, or their alkylene oxide adducts. 

Examples of aliphatic diamines include ethylenediamine, hexamethylenediamine, 
isophoronediamine, 13-bis(aminomethyl)cyclohexane, polyoxypropylenediamine, bis(p- 
aminocyclohexyl)methane. Examples of aromatic diamines include m-xylenedi amine, 
tolylenediamine, diphenylmethanediamine, 4 t 4-methylenebis(2-chloroaniline), 13- 
naphthalenediamine. The above-described chain extenders having an average molecular weight 
of no more than 500 can be used individually or in a mixture of two or more thereof. 

Examples of the organic diisocyanate (B), which is used in accordance with the present 
invention, include tolylene diisocyanate (including compounds with various isomer ratios) (TDI), 
diphenylmethane-4,4 -diisocyanate (MDI), 3,3'-dimethyI-4,4'-biphenylene diisocyanate (TODI), 
xylylene diisocyanate (XDI), dicyclohexylmethane^'-diisocyanate (hydrogenated MDI), 
isophorone diisocyanate (IPDI), hexamethylene diisocyanate (HDI), and hydrogenated xylylene 
diisocyanate (HXDI). 

The above-listed organic diisocyanates can be used individually or in a mixture of two or 
more thereof. 

The crosslinking agent (D) used in accordance with the present invention is one of the 
well-known polyols, polyamines, and alkanolamines. Examples of polyols include 
trimethylolpropane, glycerine, 3-methylpentane-13-5-triol, pentaerythritol, sorbitol, Qllegible) 9 
polyglycerine, tris(fJ-hydroxyethyl) isocyanurate, or their alkylene oxide adducts, or e- 
caprplactone adducts, and polyester polyols. 

Examples of polyamines include ethylenediamine, diethylenetriamine, tolylenediamine, 
diphenylmethanediamine, isophoronediamine, 4,4'-methyIene bis(2-chloroaniline), 
hexamethylenediamine, l,3-bis(aminomethyl)cyclohexane, polyoxypropylenediamine, bis(p- 
aminocyclohexyl)methane, m-xylenediamine, and the like. 
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Examples of alkanolaraines include monoethanolamine, diethanolamine, triethanolaraine, 
monoisopropanolamine, diisopropanolamine, triisopropanolamine or the alkylene oxide adducts 
of the above-mentioned polyamines. 

These crosslinking agents (D) can be used individually or in a mixture of two or more 
thereof. 

In addition, a reaction terminating agent containing at least one active hy3rogen groups 
can be also used in accordance with the present invention. Examples of the reaction terminating 
agents suitable for the purpose of the present invention include monoalcohols such as 
isopropanol, n-butanol, sec-butanol, t-butanol, and the like, glycols such as ethylene glycol, 
propylene glycol, and the like, triols, such as glycerine, trimethylolpropane, and the like, amines, 
such as dimethylamine, ethylpropylamine, dibutylamine, and the like, alkanolamines, such as 
diethanolamine, triethanolamine, and the like, oximes, such as acctoxime, methyl ethyl 
ketoxime, and the like, lactams, such as y-butyrolactam, e-caprolactam, and the like, and silane 
coupling agents, such as N-P-(aminoethyl)-Y-anunq)ropyltrimethoxysilane, N-P-aminoethyl)-y- 
aminopropyltriethoxysilane.y-aminopropyltriethoxysilaiie, y-mercaptopropyltrimethoxysilane, 
and the like. These reaction terminating agents are used in an amount of 0.01-0.2 mol per 1 mol 
of the organic diisocyanate (B). 

The compound (A) obtained by partial or complete substitution of the polymeric diol 
with an organic polysiloxane dicarbinol, the chain extender (C), the organic diisocyanate (B), 
and the crosslinking agent (D), which are employed in accordance with the present invention, are 
used in such amounts that: 

(1) when TPU is manufactured from A and B, the number of isocyanate groups in B per 
one active hydrogen group in A is 0.85-1.1; 

(2) in the case when C is used if necessary and also D is used if necessary, the number of 
isocyanate groups in B per one active hydrogen group in A and C, or A and C and D is 0.85-1 . 1 . 

If in the above clauses (1) and (2), the number of isocyanate groups in B is less than 0.85 
or more than 1.1 per one active hydrogen group, the mechanical properties of the TPU degrade. 

In accordance with the present invention, the conventional urethanization catalyst can be 
used, if necessary, at any stage of the reaction. 

Furthermore, in accordance with the present invention, various additives may be also 
used, if necessary. Examples of such additives include antioxidants, UV-absorbers, and 
carbodiimides. 

The above-described thermoplastic polyurethane resin composition in accordance with 
the present invention can be mixed with the TPU (Y) obtained by conducting a reaction of the 
above-described polymeric diol (A 1 ) and organic diisocyanate. The appropriate mixing ratio of 
the components X and Y is within a range from 95 : 5 to 5 : 95. 

The following solvents can be used, if necessary, in accordance with the present 
invention: amides, such as dimethylformamide, dimethylacetamide, and the like, sulfoxides, such 
as dimethylsulfoxide, and the like, cyclic ethers, such as dioxane, tetrahydrofuran, and the like, 
cyclic ketones, such as cyclohexanone, and the like, noncyclic ketones, such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, and the like, glycol ethers known under the trade names of 
Cellosolve, Butyl Cellosolve, Carbitol, Butyl Carbitol, and the like, glycol ethers of acetic acid 
known under the trade names of Cellosolve Acetate, Butyl Cellosolve Acetate, Carbitol Acetate, 
Butyl Carbitol Acetate, and the like, and dibasic acid esters known under the trade names of 
DBE and DBE-9. The above-mentioned solvents can be used individually or in combination of 
two or more thereof. Moreover, the above-described solvents can be used in a mixture with 
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esters such as butyl acetate, ethyl acetate, and the like, aromatic hydrocarbons such as benzene, 
toluene, xylene, and the like, chlorine-containing compounds, such as methylene chloride, 
trichloroethylene, trichloroethane, perchloroethylene, and the like, and alcohols such as 
methanol, ethanol, isopropanol, butanol, and the like. 

Moreover, 2,2,4-trimethyl-l,3-pcntancdiolmonoisobutyrate (Kyowanol M : manufactured 
by Kyowa Hakko Kogyo K.-K.) may be also used as the solvent 

The polyurethane resin composition in accordance with the present invention can be used 
in a mixture with other resins, such as epoxy resins, alkyd resins, polybutyral resins, 
nitrocellulose resins, acrylic resins, polyester resins, vinyl chloride - vinyl acetate copolymer 
resins, and the like. Furthermore, diatomaceous earth, calcium carbonate, silica, carbon black, 
titanium oxide, iron oxide, a copper powder, an iron powder, and the like can be added as fillers 
to the polyurethane resin composition in accordance with the present invention, and dioctyl 
phthalate, dibutyl adipate, and the like, can be added as plasticizers. 

The thermoplastic polyurethane resin composition in accordance with the present 
invention can be manufactured by the so-called one-shot method and prepolymer method. 

With the one-shot method, the compound A obtained by partially or completely 
substituting the polymeric diol (A') with an organic polysiloxane dicarbinol, the organic 
diisocyanate (B), the chain extender (C), which is an optional component, and the crosslinking 
agent (D), which is an optional component are usually reacted in a liquid state at a temperature of 
0-200°C. 

With the prepolymer method, the compound A obtained by partially or completely 
substituting the polymeric diol (A') with an organic polysiloxane dicarbinol and the organic 
diisocyanate (B) are heated for several hours at a temperature of 40-1 50°C to obtain a 
prepolymer, which is then reacted, if necessary, with the chain extender (Q and the crossliniking 
agent (D) for several hours at a temperature of 0-150°C. Then, a reaction terminating agent is 
added, if necessary, to terminate the reaction. 

A catalyst and/or a solvent can be used at any stage of the above-described reaction. 

By changing the ratio of the weight of the compound A to the combined weight of the 
compounds A, B, and C it is possible to obtain the TPU or the mixed resin products with the 
desired properties within a wide range from low-modulus products having a stress of 10-100 
kg/cm 2 in 100% extension and an elongation at rapture of 200-1000% to high-modulus products 
with a Young's modulus of 10,000-30,000 kg/cm 2 and an elongation at a yield stress of 2-10%. 

The utilization of the TPU in accordance with the present invention makes it possible to 
expect the decrease in the friction coefficient, the improvement of water repellency and leveling 
ability, the decrease in surface resistance, the improvement of antistatic properties, and the 
improvement of pigment dispersivity. Moreover, these effects can be expected to be maintained 
for a long time. 

The TPU in accordance with the present invention can be supplied in the form of pellets 
or flakes to produce moldings, films, and sheets by an injection molding process, an extrusion 
molding, or a calender molding process, or it may be supplied in the form of a solution and used 
as is, or upon the removal of the solvent by the conventional method, for resins, film, various 
coating materials, impregnating agents, paints, binders (printing inks, magnetic paints, 
conductive paints, etc.). Since these products have improved properties, they can find application 
in various fields, for example, for internal members for automobiles or trains, electric apparatus, 
audio devices, VTR, communication equipment, computers, business machines, lighting devices, 
fibers, and textile products. 
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The present invention will be described below in greater detail with reference to 
embodiments thereof. The term parts as used hereinbelow stands for weight parts. 

Embodiment 1 

A total of 300 parts of methyl ethyl ketone (abbreviated as MEK below) was placed in a 
reactor equipped with a stirrer and a reflux cooler, after the atmosphere inside the reactor was 
replaced with N 2 . Then, 60 parts of polydimethylsiloxane dicarbinol (average molecular weight 
1000), 175.4 parts of diphenylmethanediisocyanate (abbreviated as MDI below), and 0.03 part of 
dibutyltindilaurate (abbreviated as DBTDL below) were added, and the reaction was conducted 
for2h at a temperature of 80°C. Atotalof 64.6partsof neopentyl glycol (abbreviated as NPG 
below), and 100 parts of MEK were added to the solution obtained in the reaction, and the 
reaction was conducted for 2 h at a temperature of 80°C Then, 5 parts of isopropanol and 300 
parts of MEK were added and the reaction was conducted for 30 min at a temperature of 70°C. 
The obtained TPU solution had a content of solids of 34.6 wt.% and a viscosity of 5900 cps 
(25°C). The resin obtained from the solution had a yield stress (Ys) of 450 kg/cm 2 , an elongation 
at yield of 5%, and a Young's modulus of 14,000 kg/cm 2 . The Ys, elongation at yield, and 
Young's modulus were measured by using stripe-like samples with a width of 5 mm and " 
stretching them at a tension rate of 5 mm/min and a spacing between the marks of 50 mm. 

The resin had good sliding properties and mirror finish ability, and demonstrated 
excellent water repellency when brought in contact with water. 

Embodiment 2 

A total of 300 parts of MEK was placed in a reactor equipped with a stirrer and a reflux 
cooler, after the atmosphere inside the reactor was replaced with N 2 . Then, 60 parts of 
polydimethylsiloxane dicarbinol (average molecular weight 5500), 166 3 parts of MDI, and 0.03 
part of DBTDL were added, and the reaction was conducted for 2 h at a temperature of 80°C. A 
total of 64 r 8 parts of NPG and 100 parts of MEK were added to the solution obtained in the 
reaction, and the reaction was conducted for 2 h at a temperature of 80°C. Then, 8.9 parts of 
tnethanolamine and 300 parts of MEK were added and the reaction was conducted for 1 h at a 
temperature of 80°C. The obtained TPU solution had a content of solids of 3 1 .0 wt.% and a 
viscosity of 1000 cps (25°C). The resin obtained from the solution had a yield stress of 280 
kg/cm , an elongation at yield of 4%, and a Young's modulus of 1 1 ,500 kg/cm 2 . 

The resin had good sliding properties and rnirror finish ability, and showed no changes in 
sliding properties even when heated to a temperature of 80°C. 

Embodiment 3 

A TPU solution S (content of solids 30 wt%) was obtained by conducting a reaction of 
162.5 parts of MDI, 64 parts of NPG, and 60 parts of a polyester diol (average molecular weight 
2000) obtained by condensation of 1,4-butane diol with adipic acid; methyl isobutyl ketone was 
used as a solvent. A total of 100 parts of the solution S was mixed with 100 parts of the 
thermoplastic polyurethane resin solution obtained in Embodiment 1. The resin obtained from 
the mixture had the following mechanical properties: yield stress 500 kg/cm 2 , elongation at yield 
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5%, Young's modulus 20,000 kg/cm 2 . The product had water repellency. sliding properties, and 
mirror finish ability superior to those of the resin obtained from the solution S. 

Embodiment 4 

A total of.80 parts of .MEK was placed in a reactor equipped with-a stirrer and a reflux 
cooler, after the atmosphere inside the reactor was replaced with nitrogen. Then, 252.0 parts of 
polytetramethylene ether glycol (molecular weight 2000), 28.0 parts of polydimethylsiloxane 
carbinol (molecular weight 1800), 833 parts of IPDL and 0.04 part of DBTDL were added, and 
the reaction was conducted for 2 b at a temperature of 80°C. A total of 220 parts of MEK, 36.7 
parts of isophorone diamine, and 300 parts of isopropanol were added at a temperature of 20°C 
to the solution obtained, and the reaction was conducted for 1 h at a temperature of 30°C and 
then for 2 h at a temperature of 50°C. The obtained TPU solution had a content of solids of 41 .2 
wt.% and a viscosity of 5950 cps (25°Q. The TPU obtained from the solution had a stress (M t0 o) 
in 100% stretching of 30 kg/cm 2 , a tensile strength (TS) of 430 kg/cm 2 , and an elongation (El) of 
780%. 

Miob, TS, El were measured by the methods conforming to JIS K-6301 (dumbbell-shaped 
sample, No. 3), except that the film thickness was 100 micron and the tension rate was 300 
mm/min. 

The TPU obtained in Embodiment 4 showed excellent water repellency. Moreover, no 
degradation in water repellency was observed even when the film was immersed for 5 h in hot 
water at a temperature of 85°C. 

Embodiment 5 

A total of 60 parts of MEK was placed in a reactor equipped with a stirrer and a reflux 
cooler, after the atmosphere inside the reactor was replaced with nitrogen. Then, 8 1 .0 parts of 
polycarbonate diol (molecular weight 2000) obtained from l^hexanediol, 54.0 parts of 
polydimethylsiloxane carbinol (molecular weight 5500). 1 17.2 parts of PDL and 0.03 part of 
DBTDL were added, and the reaction was conducted for 2 h at a temperature of 80°C. A total of 
30 parts of MEK and 40.7 parts of 1.4-methanediol were added to the solution obtained, and the 
reaction was conducted for 1 h at a temperature of 80°C. Then, 7. 1 parts of triethanolamine and 
610 parts of MEK were added, and the reaction was conducted for 1 h at a temperature of 80°C. 
The obtained TPU solution had a content of solids of 32.5 wt.% and a viscosity of 650 cps 
(25°C). The resin obtained from the solution had Mioo of 96 kg/cm 2 , TS of 490 kg/cm 2 , and El of 
330%. The surface of this resin had good sliding properties. 

Assignee: Mitsui Nisso Urethane Co. 
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